Energy status, ubiquitin proteasomal function, and oxidative stress during chronic and acute complex I inhibition with rotenone in mesencephalic cultures.
Complex I impairment with rotenone produces damage though a mechanism thought to be distinct from effects on mitochondrial respiration. The outcome of chronic rotenone on energy status in relation to toxicity, however, is unknown. To examine this, mesencephalic cultures were exposed to chronic, low-dose rotenone (5-100 nM, 8 days in vitro) or acute, high-dose rotenone (500 nM, 1-24 h), and ATP/ADP levels and toxicity were measured. Chronic exposure to 5-50 nM rotenone produced selective dopamine cell loss. High-dose rotenone produced nonselective damage at all exposure times. Chronic, low-dose rotenone (37.5 nM) decreased ATP/ADP gradually over several days to 40% of controls, whereas high-dose rotenone (500 nM, 1-6 h), collapsed ATP/ADP by 1 h of exposure. The ubiquitin proteasomal pathway, an ATP-dependent pathway, is implicated in Parkinson's disease and, thus, various rotenone exposures were examined for effects on ubiquitin proteasomal function. Chronic, low-dose rotenone (25-50 nM, 8 days), but not acute, high-dose rotenone (500 nM, 1-6 h), caused accumulation of ubiquitinated proteins, E1-ubiquitin activation, and increased proteasomal activities prior to toxicity even though both exposures increased free radical production. Findings show that selective dopamine cell loss and alterations in ubiquitin proteasomal function only occur with rotenone exposures that partially maintain ATP/ADP. High concentrations of rotenone that collapse energy status kill neurons in a nonselective manner independent of the ubiquitin proteasomal pathway.